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Abstract 
Introduction: The purpose of this study was to assess the within-day and between-day reliability of abdominal and lumbar multifidus muscle size in 
patients with unilateral lumbar disc herniation (LDH) using ultrasonography (US). Materials and methods: In this study, 15 patients with unilateral 
LDH (20-60 years old) were recruited. To assess within-day and between-day reliability, three images were taken with one hour and one week intervals 
respectively. The images were taken at rest and during contraction. Results: The within-day and between-day reliability of abdominal muscle thickness 
measurements using US in patients with unilateral lumbar disc herniation (LDH) in both rest and contraction state was found to be high with ICC=0.87 
for within and ICC=0.75 for between-day rates of transverse abdominis (TrA) muscles at rest and ICC=0.78 and 0.75, respectively, in contraction state. 
For internal oblique muscles, ICC=0.70 at rest and 0.79 in contraction state and ICC=0.73 at rest and 0.77 in contraction state were found for within-day 
and between-day, respectively. Within-day and between-day reliability at rest with ICC=0.76 and 0.76 and in contraction state with ICC=0.75 and 0.74 
were demonstrated for the external oblique muscle. Within-day and between-day reliability rates at rest with ICC=0.88 and 0.84, respectively, and in 
contraction state with ICC=0.84 and 0.80, respectively were demonstrated for the lumbar multifidus muscle. Conclusion: The results of the present study 
suggest that US is a reliable method for evaluating the thickness of the abdominal and lumbar multifidus muscles. However, further research is 
recommended to support the findings of the present study. 
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Introduction 
Low back pain (LBP) is one of the most common 
musculoskeletal disorders related to one’s occupation which 
includes most people in both industrialized and non-industrialized 
societies (1-3). The prevalence rates of LBP in Iran among nurses, 
pregnant women, and surgeons and dentists have been reported to 
be 62%, 84% and 84.8%, respectively (2, 4, 5). LBP is divided into 
the two categories of specific and nonspecific LBP (6). Lumbar disc 
herniation (LDH) is one cause of specific LBP that can result in 
pressure on the nerve root and lead to sensory and motor 
disorders (6, 7). Abdominal and lumbar multifidus (LM) muscles 
play an important role in spinal stability (8-10). These muscles 
may become dysfunctional in patients with LBP and unilateral 
LDH. Low back injury can result in muscle inhibition and loss of 
control which may not be recovered spontaneously (11); specific 
exercises are required to stimulate recovery (12). Different 
methods are available to assess the function and morphology of 
these muscles and to evaluate the effectiveness of rehabilitation 
programs (13, 14). Ultrasound imaging has been shown to be a 
reliable and valid technique for measuring changes in muscle 
geometry and behavior and has been increasingly used both in 
research and as a clinical tool hroughout the rehabilitative process 
(15, 16). Ultrasonography t (US) has been validated to measure 
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Table 1. Demographic characteristics of study participants 
Statistical Indicators 
Participants Variables Indicators 
Range Variance Standard Deviation Average 
Age (year) 20-60 158.21 12.57 39.27 
Weight (kg) 58-93 124.05 11.13 74.94 
Height (cm) 158-185 70.40 8.39 170.94 
BMI (kg/m2) 19.84-33.35 17.188 4.14 25.76 
 
Table 2. Reliability correlation coefficient of abdominal muscles in at-rest and contraction conditions 
Reliability 
Muscles (Between-Day) (Within-Day) 
MDC SEM ICC MDC SEM ICC 
1.28 0.46 0.84 1.05 0.38 0.88 Rest 
Cross Section Area of Multifidus 
1.3 0.47 0.8 1.22 0.44 0.84 Contraction 
0.78 0.28 0.75 0.55 0.2 0.87 Rest 
Transverse abdominal 
1.8 0.65 0.75 1.61 0.58 0.78 Contraction 
1.64 0.59 0.73 1.55 0.56 0.77 Rest 
Internal oblique 
2.27 0.82 0.77 2.08 0.75 0.79 Contraction 
1.91 0.69 0.76 1.47 0.53 0.76 Rest 
External oblique 
2.49 0.9 0.74 2.27 0.82 0.75 Contraction 
 
the morphology of abdominal and lumbar multifidus muscles 
through comparison with magnetic resonance imaging 
measurements (17) and as an indicator of muscle activation with 
indwelling electromyography (18, 19). 
As a research and rehabilitative tool, the reliability of US in 
measuring muscle dimensions must be determined (20). The 
purpose of the current study was to evaluate within-day and 
between-day reliability of US in measuring the dimensions of 
the abdominal muscles (TrA - internal and external oblique) 
and the lumbar multifidus muscles in patients with LDH. It 
was hypothesized that US has acceptable reliability for 
measuring abdominal and lumbar multifidus dimensions in 
patients with unilateral LDH. 
Material and methods 
Study design and sampling: Following receipt of ethical 
approval from the Medical Ethics Board of the University of 
Social Welfare and Rehabilitation Sciences, 15 patients with 
unilateral LDH (male and female) were randomly recruited 
according to the inclusion and exclusion criteria of the 
study. Subjects were included if they had a history of 
unilateral LDH at the L4-L5 level, at least three months 
duration of pain, no history of lumbar surgery, and an age 
between 20-60 years.  
Subjects were excluded if they had any history of a 
sacroiliac joint dysfunction, lumbar fracture, spinal deformity 
or scoliosis, rheumatologic or neurologic disease, orthopedic 
device in the spinal column, pregnancy, metabolic diseases, 
malignancies, or other major medical conditions or a 
sensitivity to gel. All subjects were given written information 
about the aims and plans of the study, and then they were 
asked to sign a consent form if they agreed to participate. The 
sample characteristics are summarized in Table 1. 
Imaging Technique: Ultrasound images were obtained using 
ES500 ultrasound machine (Ultrasonix-ES500, Canada) with 
two probes (linear 7.5 MHZ and curvilinear 3.5 MHz). The 
abdominal muscles were measured in the supine hook-lying 
position with the hand beside the trunk. The linear probe (7.5 
MHZ) was placed at the level of the axial line between the 
iliac crest and the 12th rib and removed until the medial 
border of the muscle (Figure 1) was seen in the far medial side 
of the screen (21). At the end of expiration, the image was 
fixed and saved (22). The cross-sectional area of the LM was 
measured in the prone position (on a standard plinth to 
decrease the lumbar curve) and at the L4-L5 level (Figure 2). 
The spinous processes at the L4-L5 levels were identified by 
palpation and marked for reference. The linear probe was 
placed transversely over the spinous process (22). The cross-  
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Figure 1. Ultrasonographic images of transverse abdominal, internal oblique, and external oblique muscles, at rest (A) and contraction (B) 
 
 
Figure 2. Ultrasonographic images of lumbar multifidus muscle, at rest (A) and contraction (B) 
 
sectional area of the LM was measured at L4, because the 
image of this level was clearer than that of L5 using a 
curvilinear 3.5MHZ probe. Simultaneously, the measures of 
the left and right multifidus were obtained. All measurements 
were taken three times; the first and second were performed 
in one day with a half hour interval (for within-day 
reliability), and the third was performed after a one-week 
interval (for between-days reliability). 
Statistical Analysis: Intraclass correlation coefficients (ICC), 
standard error of mean (SEM), and minimum detectable 
change (MDC) were used to assess within-day (between the 
first and second measures) and between-days (between the 
first and third measures) reliability. 
Results  
All data on the abdominal and LM muscles dimension of the 
15 volunteers both at rest and contraction was analyzed. The 
within-day reliability (ICC) in both contraction and at-rest 
conditions were obtained for the TrA in a range of 0.78 to 
0.87, for the internal oblique muscle in a range of 0.77 to 0.79, 
for the external oblique muscles in a range of 0.76 to 0.79, and 
for the lumbar multifidus in the range of 0.84 to 0.88, 
respectively. Also, the between-day reliability (ICC) in both 
contraction and at-rest conditions were obtained for TrA in 
the range of 0.75 to 0.75, for the internal oblique muscle in 
the range of 0.73 to 0.77, for the external oblique muscles in 
the range of 0.76 to 0.77, and finally for lumbar multifidus in 
the range of 0.80 to 0.84, respectively, across days (Table 2). 
ICCs and SEM values (Table 2) indicated a good to high 
reliability for both within-day and between-days reliability. 
Discussion 
The present study confirmed that US and the method used in 
this study to assess abdominal and LM muscle can provide 
reliable measures of muscle dimensions in symptomatic patients 
with unilateral LDH. Previous investigations have also achieved 
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the same conclusions (23, 24). In line with the results of the 
present study, the reliability of US imaging of the abdominal 
muscles in different positions in asymptomatic subjects has been 
reported by Bounce et al. (25). Furthermore, an Iranian study 
has confirmed that US imaging may provide reliable 
measurements of abdominal muscle thickness in acute low back 
pain patients (26). The results of the current study support 
previous suggestions regarding the site where TrA thickness can 
be imaged and reliably measured (21). The authors emphasize 
that although ultrasound imaging is a reliable tool for measuring 
muscle size, the interpretation of the size changes to muscle 
activation should be made conservatively. More studies are 
needed to confirm the use of US to evaluate muscle activation 
during high levels of contraction, concentric or eccentric 
contractions, or during the tasks that have not been validated 
(20). Richman et al. (27) suggested reliability coefficient values of 
0.80 to 1.00 as very reliable, 0.60 to 0.79 as moderately reliable, 
and 0.59 or less as questionably reliable, which support the fact 
that the measurements in this study have obtained a good to high 
level of reliability. To improve the generalizability of the results, 
it is suggested that studies with longer time intervals, larger 
sample sizes, and a comparison of the results between healthy 
people and patients be conducted. It is also recommended that 
the reliability of sonography in measuring other muscles be 
evaluated. The comparison of different protocols to find the 
most reliable way to evaluate abdominal and LM muscles is also 
suggested.  
Limitations in this study were the small sample size, the 
use of only patient participants, and short time intervals 
between measurements. 
Rehabilitative US can be used in clinical settings to 
measure muscle dimensions as a reliable and non-invasive 
instrument. The method used in this study seems to be a 
reliable way to measure lumbar stabilizing muscles.  
The present study researched the within-day and between-
days reliability of US in patients with unilateral LDH at rest 
and in contraction.  
Conclusion 
According to the results obtained in this study, US is a 
reliable tool for measuring the thickness of abdominal and 
lumbar multifidus muscles in patients with unilateral LDH. 
Because of its simplicity, quickness, minimal inconvenience, 
minimal invasiveness, and high reliability, US is 
recommended for measuring abdominal and lumbar 
multifidus muscle thickness and assessing the effect of 
treatment interventions. 
Acknowledgments 
This study was part of a larger study supported by the 
Department of Physiotherapy, University of Social Welfare 
and Rehabilitation Sciences (USWR), Tehran, Iran. We 
hereby thank all participants and experts who contributed to 
this study. 
Conflict of interest:  
None  
Funding support:  
None 
Authors’ contributions:  
All authors made substantial contributions to conception, design, 
acquisition, analysis and interpretation of data. 
References 
1. Jin K, Sorock GS, Courtney TKJJoSR. Prevalence of low back pain in 
three occupational groups in Shanghai, People's Republic of China. 
2004;35(1):23-8. 
2. Mohseni-Bandpei MA, Fakhri M, Bargheri-Nesami M, Ahmad-
Shirvani M, Khalilian AR, Shayesteh-Azar MJBJoN. Occupational 
back pain in Iranian nurses: an epidemiological study. 
2006;15(17):914-7. 
3. Bandpei MAM, Ehsani F, Behtash H, Ghanipour MJJom, 
therapeutics p. Occupational low back pain in primary and high 
school teachers: prevalence and associated factors. 2014;37(9):702-8. 
4. Mohseni-Bandpei MA, Fakhri M, Ahmad-Shirvani M, Bagheri-
Nessami M, Khalilian AR, Shayesteh-Azar M, et al. Low back pain in 
1,100 Iranian pregnant women: prevalence and risk factors. 
2009;9(10):795-801. 
5. Mohseni-Bandpei MA, Ahmad-Shirvani M, Golbabaei N, Behtash 
H, Shahinfar Z, Fernández-de-las-Peñas CJJom, et al. Prevalence 
and risk factors associated with low back pain in Iranian surgeons. 
2011;34(6):362-70. 
6. Krismer M, Van Tulder MJBp, rheumatology rC. Low back pain 
(non-specific). 2007;21(1):77-91. 
7. Mattila M, Hurme M, Alaranta H, PaljÄrvi L, Kalimo H, Falck B, et 
al. The multifidus muscle in patients with lumbar disc herniation. A 
histochemical and morphometric analysis of intraoperative biopsies. 
1986;11(7):732-8. 
8. Hodges PW, Richardson CAJJosd. Delayed postural contraction of 
transversus abdominis in low back pain associated with movement 
of the lower limb. 1998;11(1):46-56. 
9. Bandpei MAM, Rahmani N, Majdoleslam B, Abdollahi I, Ali SS, 
Ahmad AJJom, et al. Reliability of surface electromyography in the 
assessment of paraspinal muscle fatigue: an updated systematic 
review. 2014;37(7):510-21. 
Cervicogenic Headache miss diagnosis                                                                                                                                                                                         127 
 
Journal of Clinical Physiotherapy Research. 2018; 3(4): 123-127 
Copyright © 2016 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: http://journals.sbmu.ac.ir/physiotherapy/ 
10. Hungerford B, Gilleard W, Hodges PJS. Evidence of altered 
lumbopelvic muscle recruitment in the presence of sacroiliac joint 
pain. 2003;28(14):1593-600. 
11. Hides JA, Richardson CA, Jull GAJS. Multifidus muscle recovery is 
not automatic after resolution of acute, first-episode low back pain. 
1996;21(23):2763-9. 
12. O'Sullivan PBJMt. Lumbar segmentalinstability': clinical presentation 
and specific stabilizing exercise management. 2000;5(1):2-12. 
13. Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, 
Kovacs F, et al. Chapter 4 European guidelines for the management of 
chronic nonspecific low back pain. 2006;15:s192-s300. 
14. Chou R, Huffman LHJAoim. Nonpharmacologic therapies for acute 
and chronic low back pain: a review of the evidence for an American 
Pain Society/American College of Physicians clinical practice 
guideline. 2007;147(7):492-504. 
15. Teyhen DJJoO, Therapy SP. Rehabilitative Ultrasound Imaging 
Symposium, May 8-10, 2006, San Antonio, Texas. 2006;36(8):A-1-A-17. 
16. Teyhen DS. Rehabilitative ultrasound imaging: the roadmap ahead. 
JOSPT, Inc. JOSPT, 1033 North Fairfax Street, Suite 304, Alexandria, 
VA 22134-1540; 2007. 
17. Hides J, Wilson S, Stanton W, McMahon S, Keto H, McMahon K, et 
al. An MRI investigation into the function of the transversus 
abdominis muscle during “drawing-in” of the abdominal wall. 
2006;31(6):E175-E8. 
18. Hodges P, Pengel L, Herbert R, Gandevia SJM, nerve. Measurement 
of muscle contraction with ultrasound imaging. 2003;27(6):682-92. 
19. McMeeken J, Beith I, Newham D, Milligan P, Critchley DJCB. The 
relationship between EMG and change in thickness of transversus 























20. Koppenhaver SL, Hebert JJ, Fritz JM, Parent EC, Teyhen DS, 
Magel JSJAopm, et al. Reliability of rehabilitative ultrasound 
imaging of the transversus abdominis and lumbar multifidus 
muscles. 2009;90(1):87-94. 
21. Henry SM, Westervelt KCJJoO, Therapy SP. The use of real-time 
ultrasound feedback in teaching abdominal hollowing exercises 
to healthy subjects. 2005;35(6):338-45. 
22. Coldron Y, Stokes M, Cook KJMT. Lumbar multifidus muscle 
size does not differ whether ultrasound imaging is performed in 
prone or side lying. 2003;8(3):161-5. 
23. Rahmani N, Mohseni-Bandpei MA, Vameghi R, Salavati M, 
Abdollahi IJUim, biology. Application of ultrasonography in 
the assessment of skeletal muscles in children with and without 
neuromuscular disorders: a systematic review. 
2015;41(9):2275-83. 
24. Taghipour M, Mohseni‐Bandpei MA, Behtash H, Abdollahi I, 
Rajabzadeh F, Pourahmadi MR, et al. Reliability of Real‐time 
Ultrasound Imaging for the Assessment of Trunk Stabilizer 
Muscles: A Systematic Review of the Literature. 2018. 
25. Bunce SM, Hough AD, Moore APJMt. Measurement of 
abdominal muscle thickness using M-mode ultrasound imaging 
during functional activities. 2004;9(1):41-4. 
26. Norasteh A, Ebrahimi E, Salavati M, Rafiei J, Abbasnejad EJJoB, 
Therapies M. Reliability of B-mode ultrasonography for 
abdominal muscles in asymptomatic and patients with acute low 
back pain. 2007;11(1):17-20. 
27. Richman J, Makrides L, Prince BJPC. Research methodology and 
applied statistics, part 3: measurement procedures in research. 
1980;32(4):253-7. 
 
